Levels of circulating immune complexes were measured in jirds (Meriones unguiculatus) infected with the filarial nematode Brugia pahangi during an 11-month infection. Using 16 infected and 8 control animals, we found three general trends, which correspond to events in the life cycle of the filarial worm in the host, in all individually infected jirds. These were (i) an initial peak of immune complexes at 2 weeks postinfection, (ii) a drop to a minimum postinfection value near the beginning of patency, and (iii) a gradual increase in immune complex levels beginning at the time of peak adult worm size and continuing to a maximum value at approximately 10 months postinfection. Microfilarial levels and hemagglutination assay titers to adult worm antigens did not correlate with immune complex levels.
Levels of circulating immune complexes were measured in jirds (Meriones unguiculatus) infected with the filarial nematode Brugia pahangi during an 11-month infection. Using 16 infected and 8 control animals, we found three general trends, which correspond to events in the life cycle of the filarial worm in the host, in all individually infected jirds. These were (i) an initial peak of immune complexes at 2 weeks postinfection, (ii) a drop to a minimum postinfection value near the beginning of patency, and (iii) a gradual increase in immune complex levels beginning at the time of peak adult worm size and continuing to a maximum value at approximately 10 months postinfection. Microfilarial levels and hemagglutination assay titers to adult worm antigens did not correlate with immune complex levels.
The ability of the filarial parasite to successfully evade the host's immune mechanisms throughout a long course of infection is a subject of considerable immunological interest. Diminished cellular and humoral responses have been noted in both experimental animal (5, 18) and human infections with filariasis (13) . Recent investigations in our laboratory have demonstrated circulating immune complexes in infected jirds at 8 months postinfection (p.i.) (10) . It has been suggested that immunosuppression mediated by these immune complexes may contribute to the filarial worms' persistence. Immune complexes have been found to be immunosuppressive in a variety of experimental systems (21) and have been demonstrated in other parasitic diseases, such as malaria, trypanosomiasis, schistosomiasis, and onchocerciasis (11, 20) .
This study was designed to examine the levels of circulating immune complexes (CIC) formed during an 11-month infection and their relationship to the various stages of the filarial life cycle, from the entry of infective-stage larvae to Figure 1 shows the mean values ± standard error for infected and control animals over 11 months of infection. It can be seen that the general trend included a peak in CIC at 2 weeks p.i., a decline in complex levels to 3 months p.i., and then a gradual increase over time, leveling off at 9 to 10 months p.i. This second rise in immune complex levels in the infected animals was never as high as the initial peak in any individual animal.
It has become a convention to call a test serum positive if it is at least 2 standard deviations above the mean of the control group. Figure 2 illustrates the percent positive infected animals at each time period p.i. P values, obtained using the chi-square test, are given where significant. Although the mean values for the infected animals were always higher than for the control group, statistical significance was only reached at 2 weeks and 1 month p.i., and again at 5 months through 11 months p.i.
Individual trends in infected animals and their relationship to the filarial life cycle. There was considerable animal-to-animal variability in immune complex levels throughout the infection and a variety of patterns of response among individual animals over 11 months. However, all infected animals did share these trends: (i) an initial high peak was reached at between 2 weeks and 1 month p.i., (ii) a p.i. minimum value was reached at between 2 and 6 months, and (iii) a second lower peak value was reached between 9 and 11 months p.i. Table 1 gives information pertaining to individual trends in the immune complex levels over time in infected animals. The number of months p.i. and the number of animals displaying a particular trend (from a total of 16 animals) are shown, as well as some information concerning the life cycle of the nematode in the jird host. Third-stage larvae are the infective stage, and after inoculation into the jird they undergo two successive molts to reach the adult stage. Patency refers to the time at which microfilariae are being produced by the mature adult worms and can be demonstrated in the blood of the host. All infected animals in this study were screened for microfilariae at 90 days p.i., and all were found to be positive. From earlier studies in the jird (2, 3), it has been found that the third molt occurs at 6 to 9 days p.i., the fourth molt occurs at 19 to 26 days p.i., patency is typically reached between 60 and 90 days p.i., and peak worm size is reached at 4 months p.i. Table 1 shows that despite considerable animal-to-animal variability, 94% of the infected animals had a preliminary peak at 2 weeks, 50% reached a minimum level at 3 months, and 62% reached the highest point of their second peak at 10 b Prepatency is from month 0.5 to 2; patency is from month 3 to 11. ent in the sera of animals with filarial infections and that these individual animals display definite trends in peak complex activity during an 11-month infection. The trends appear to correlate with critical phases of the filarial life cycle and include (i) an initial peak at 2 weeks p.i., (ii) a return to near normal complex levels at approximately 3 months p.i., and (iii) a gradual increase in immune complex levels beginning at 5 months p.i. and reaching a peak at about 10 months p.i.
A variety of methods are available for measuring CIC in sera. Solid-phase Clq was the immune complex detection assay employed in this system. It is a nonspecific method which does not depend on characterization of the antigen component. This has a distinct advantage in our present system, since the definitive filarial antigen could include whole-body or secretory/ excretory products from larval stages, adult worms, and microfilariae, each of these presenting a complex antigenic structure. We had previously found that this assay detected CIC at 8 months after filarial infection and that it was quite sensitive in this model system (10) .
In our preliminary studies at 8 months p.i., we found considerable individual variability in complex levels in both the infected and control groups. For this reason, a serial study of individual animals at defined time intervals during infection seemed to be the best way to examine possible trends in immune complex formation.
We found that although base-line values (preinfection bleeds) varied considerably within the group, three general trends could be seen in all infected animals, which roughly correspond to events in the life cycle of the filarial worm in the host. These were (i) an initial peak of immune complexes appearing after the completion of the third molt, (ii) a drop to a minimum p.i. value near the beginning of patency, and (iii) a gradual increase in complex levels beginning at the time of peak adult worm size and continuing to a maximum value at about 10 months p.i. The traditional assays of filarial infection, microfilarial levels, and hemagglutination assay titer to adult worm antigens did not correlate with immune complex levels.
An increase in CIC formation indicates either an increase in antigen, an increase in antibody, or an inability to efficiently remove these complexes from the circulation. The initial, consistently high peak seen at 2 weeks p.i. is probably due to the host's production of specific antibody to the massive dose of larval material given at the time of infection. Soluble circulating antigen consisting of metabolic and cuticular products of living larvae, breakdown products of dead and dying larvae, and antigenic material related to the third molt then combine with this specific antibody, which has reached its peak at 2 weeks p.i., to give a corresponding peak in CIC levels. It is most likely a clearing of these larval antigenic products from the host's system that causes the rapid decline in complex levels seen during the subsequent period of prepatency. Patency begins at 2 to 3 months p.i., and peak adult worm size is reached at 4 months p.i. Perhaps the second gradual rise in immune complex levels at this time reflects a host response to increasing soluble adult or microfilarial antigens, or both. At some threshold point, which appears to be 10 months p.i. in this model, antibody or antigen levels may begin to level off or decline, perhaps due to some feedback mechanism, and the complexes begin again to be cleared from the circulation, although still remaining elevated above normal values.
There have been few other sequential studies on immune responses in filariasis. Using a Dipetalonema viteae hamster model, Weiss (18) found that transformation to adult filarial antigen in infected animals peaked at 1 to 11/2 months p.i., began to decrease at 5 months p.i., and had declined to control values by 71 months p.i.
Portaro et al. (15) reported diminished phytohemagglutinin mitogen reactivity of splenocytes from B. pahangi-infected jirds throughout the later stages of infection. In the B.pahangi-Lewis rat system Weller (19) found that node lymphocytes from infected rats were unresponsive to phytohemagglutinin, pokeweed mitogen, lipopolysaccharide, and filarial antigen between 4 and 6 months p.i. In studying the humoral response to B. pahangi infection in multimammate rats, Benjamin and Soulsby (4) found that passive cutaneous anaphylaxis reached a peak INFECT. IMMUN. on August 14, 2017 by guest http://iai.asm.org/ Downloaded from at 2½h to 3 months p.i., and then gradually declined until completely absent at 8 months p.i. In each of these studies, it appears that the onset of patency and the subsequent gradual increase in microfilariae and their products coincide with a dampening of some aspects of the immune response. It is at the same time that these responses are diminishing in other systems that we detect an increase and gradual leveling off of immune complexes in our system.
A number of experimental systems have shown that CIC can provoke a variety of immunological effects, including inhibition of Tand B-lymphocyte functions and interference with antigen presentation on the surface of macrophages (21) . The immune complexes demonstrated here in experimental filarial infections may be acting as immunoregulators of the host response and contributing to the persistence of this parasite through an induced immunosuppression.
Indications of a functional role for immune complexes in filariasis have come from several recent studies, which we have previously reviewed in greater detail (10). These include: (i) declining antibody titers to microfilariae in animals with microfilaremia over time (14, 22) ; (ii) adhesion of leukocytes to microfilariae in the presence of sera from infected animals with no microfilaremia, but not in the presence of sera from animals with circulating microfilariae (16, 17) ; (iii) inhibition of release of microfilariae from female worms by a factor present in the sera of infected animals, with the level of this suppressive factor falling during microfilaremia (6); and (iv) inhibition of transformation to filarial antigen by sensitized lymphocytes with the sera of chronically infected animals (18) .
Our finding of a dynamic pattem of increasing immune complex levels in filarial infections over an 11-month period may account for some of these recent findings, although understanding of their true in vivo significance will depend on further experimentation. Characterization of the antigenic composition of the complex and determination of relative antigen or antibody excess at critical points in the infection would more clearly define the functional limits and capabilities of immune complex regulation in this system, and the definition of a critical in vivo role would indicate whether CIC provide a true modulating effect or are simply a by-product of this infection.
